We present high-resolution polarization maps, obtained with near-infrared instruments such as ISAAC at the VLT, SOFI at the NTT, and SCUBA at the JCMT. While we use the near-infrared polarization maps to determine the structure of the optical reflection nebula Cederblad 110 IRS 4 and to investigate the alignment of circumstellar disks around T Tauri binary stars, submillimeter polarization maps are used to derive the magnetic field structure and strength in Bok globules. Furthermore we show that near-infrared polarimetry represents a powerful tool to distinguish between different polarization models developed for active galactic nuclei.
INTRODUCTION
Polarized light is produced by dust grains, such as in the interstellar medium or the vicinity of young stellar objects, through the following mechanisms:
Light scattering
This mechanism is most important in the near-infrared and shorter wavelength range. If scattering by (nearly) spherical or mis-aligned elongated dust grains dominates, the polarization vectors are oriented perpendicular to the radius vector towards the illuminating source. As illustrated in Fig. 1 , this allows the determination of the location of the illuminating sources in reflection nebulae. 1, 2 However, deviations from the centro-symmetric polarization pattern can be caused by multiple illuminating sources and/or scattering by aligned non-spherical grains. 3 Examples, in particular a polarization survey of low-mass young pre-main sequence stars and a theoretical study on the polarization of active galactic nuclei (AGNs), are discussed in Sect. 3 and 4.
Thermal radiation and dichroic absorption by aligned dust grains
In the dusty envelopes around young stellar objects, polarization due to dichroic extinction and thermal emission by spinning dust grains is the most important signature of magnetic fields.
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Furthermore, the large-scale magnetic field structure in the interstellar medium can be traced by the interstellar polarization resulting from dichroic extinction of background starlight by aligned interstellar dust grains. Non-spherical dust grains are expected to be aligned by the following mechanisms: Paramagnetic relaxation, 10-12 supersonic flows 13, 14 and/or radiative torques. 15, 16 Irrespective of the alignment mechanism, charged interstellar grains would have a substantial magnetic moment, leading to a rapid precession of the grain angular momentum J around the magnetic field direction B (see Draine & Weingartner 16 and Figure 1 . High-resolution K band polarization map of the optical reflection nebula Cederblad 110 IRS 4 in the Chamaeleon I dark cloud. The Cederblad 110 area is probably the youngest and most active site of low mass star formation within the Chamaeleon I cloud. 4 These observations have been obtained with the near-infrared camera ISAAC at the VLT (UT1). The map is centered on the position of the illuminating source which was derived from the intersection of the perpendiculars to each polarization vector. Only polarization vectors representing polarization degrees P l ≥ 10% have been considered. The slight offset of the intensity peak to the derived position of the illuminating source indicates that the source is hidden from direct view and the intensity peak is due to scattered light. The deviation from the centro-symmetry of the polarization pattern in the weak nebula located north-east of the central source might be due to additional contribution of multiply scattered radiation. See Zinnecker et al. 5 for a high-resolution JHK composite image and further details about this object. references therein). This implies a net alignment of the grains with the magnetic field, generally with their long axes perpendicular to the field (see, e.g., Lazarian et al., 17 Draine & Weingartner 15 ). Thus, the thermal emission from grains at far infrared and millimeter wavelengths is partially linearly polarized, with a polarization direction perpendicular to the magnetic field as projected onto the plane of sky. From multi-wavelength polarimetric measurements in combination with simultaneously obtained intensity maps, the magnetic field structure and strength, the dust density distribution, chemical composition, a rough estimate of the dust grain size and shape distribution, and the grain alignment rate can be derived (see, e.g., Goodman 18 ). For illustration, we derive the magnetic field strength and structure in Bok globules from the submillimeter polarization patterns in Sect. 2.
SUBMILLIMETER POLARIZATION MAPS OF BOK GLOBULES -MAGNETIC FIELD MEASUREMENTS
In order to study the influence and structure of the magnetic field in the early phases of low-mass star formation, we obtained polarization maps of three Bok globules at a wavelength of 850 µm, using the Submillimeter Common-User Bolometer Array (SCUBA) at the James Clerk Maxwell Telescope (JCMT). Due to their relatively isolated location, Bok globules are well suited to study of the direct interplay between protostellar collapse, fragmentation, and magnetic fields since they are less affected by strong turbulence and other nearby star-forming events. The submillimeter continuum maps trace mainly the dense cores which often consist of central condensations unresolved in single-dish observations and their envelopes. We observed the following sources: CB 26 -a globule with a nearly dispersed dense core containing a source with a circumstellar disk, CB 54 -a deeply embedded young stellar cluster, and DC 253-1.6 (CG 30) -a protostellar double core.
The following similarities of the polarization patterns shown in Fig. 2 have been found:
1. The polarization degrees amount to several percent. The mean percentage polarization degrees for CB 26, CB 54, and DC 253-1.6 are 7.3%, 5.1%, and 5.0%. The corresponding 1σ dispersions are 2.5%, 2.9%, and 2.6%.
2. In the case of CB 54 and DC 253-1.6, where we have a sufficient number of polarization vectors for further statistical analysis, we found that the polarization degree decreases towards the globule cores. The quantitative, functional dependence of this behavior is very similar. This suggests that the optical properties of the grains do not play a key role for the observed polarization decrease, but rather it is the coupling of the magnetic field to the grains that is important. Based on the work by Chandrasekhar & Fermi (1953) , the dispersion of polarization position angles is thought to be inversely proportional to the magnetic field strength. Thus, a uniform polarization pattern implies a uniform and strong magnetic field. The projected magnetic field vectors are oriented perpendicular to the direction of the polarization observed. An estimate of the magnetic field strength (in units of G) can be derived from the polarization maps as follows:
Here, ρ Gas is the gas density (in units of g cm −3 ), v turb the rms turbulence velocity (in units of cm s −1 ), and σγ the standard deviation to the mean orientation angleγ of the polarization vectors (in units of radians; see Fig. 3 ).
The resulting magnetic fields, determined by the application of Eq. 1 are B CB 26 ≈ 74 µG, B CB 54 ≈ 60 µG, and B DC 253 ≈ 16 µG. The magnetic field strengths we derived are comparable to those found in molecular clouds (see, e.g., Bhatt & Jain 20 ), pre-protostellar cores, 21 and other star-forming regions (see, e.g., Davis et al., 22 Glenn et al., 23 Itoh et al., 24 Minchin & Murray, 25 Chrysostomou et al., 26 Crutcher 27 ). For further results of this submillimeter polarization study we refer to Henning et al.. 
NEAR-INFRARED POLARIZATION OF YOUNG LOW-MASS BINARY STARS -ALIGNMENT OF CIRCUMSTELLAR DISKS
Near-infrared (NIR) imaging and high-resolution observations provide conclusive evidence that most (if not all) low-mass stars are born in binary and multiple stellar systems. [28] [29] [30] [31] This finding suggests that binary formation is the rule and the birth of single stars the exception. The goal of the following study was to investigate whether low-mass pre-main sequence binary stars are formed by multiple fragmentation of molecular cloud cores as suggested by numerical studies [32] [33] [34] [35] [36] or via stellar capture during close encounters.
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The fact that circumstellar disks are an inevitable means to form stars implies that the individual disks surrounding the binary components represent tracers of the binary formation mechanism. If binaries form preferentially by fragmentation, we expect their disks to be co-planar. On the other hand, the capture scenario will preferentially lead to a random distribution of disk orientations.
The scattering of emergent light from the star at the disk surface and in the lobes of the circumstellar envelope leads to a net polarization. [39] [40] [41] The position angle of the polarization vector is indicative for the disk orientation. However, one has to take into account that only the projection of the disk onto the tangential plane can be measured (see Fig. 4 for illustration) . Therefore, in the case of an individual binary, we cannot rule out that the disks have indeed different inclinations relative to the line of sight although the position angles of the polarization of both components are similar. However, a statistical study allows us to test which hypothesis (co-planarity, random orientation) is consistent with the observed distribution of polarimetric position angles.
Using SOFI at the New Technology Telescope of ESO we measured the Ks band polarization for sample of 49 binary stars (angular separations in the range of 0.5 − 5.3 ) which were selected from the binary surveys of Reipurth & Zinnecker 42 and Ghez et al..
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The near-infrared excesses of the targets mostly point to the presence of disks (e.g., Kenyon et al. 43 ). For a major fraction of the sample, evidence for disks is also obvious from other features (outflows, jets, Herbig-Haro objects).
The histograms of the measured linear polarizations and the position angle differences ∆γ based on 34 binaries are shown in Fig. 5 . The remaining objects were excluded because the error of polarization 44 and therefore the error of the orientation angle γ of at least one component of the binary system was too large (P l /σ(P l ) < 3). The distribution N (∆γ) shows a strong decrease towards large angular differences (inclinations) ∆γ. Assuming the interstellar polarization to cause this behaviour, the degree of linear polarization had to exceed 1% (for simulation of the influence of the interstellar polarization on the results see Wolf et al. 38 ). In contrast to this, the mean degree of linear polarization caused by the interstellar medium in the K band was found to be well below 1 % in average (see, e.g., Nagata 45 ). Thus, the distribution N (P l ) reflects the intrinsic polarization of the binary components.
The measured probability distribution function N (∆γ) shows a steep decrease towards large inclinations ∆γ. We can therefore conclude that the disks in our sample are preferentially aligned, supporting the fragmentation hypothesis. Otherwhise, if stellar capture plays a role during the binary formation process, it must be followed by disk alignment processes on a timescale much smaller than the lifetime of the circumstellar disks.
HIGH-RESOLUTION POLARIZATION STUDY OF AGNS
The investigation of AGNs by polarimetric measurements provides a well-established basis for deriving their geometrical structure. The available results from observations of AGNs show that the behaviour of polarization fits in principle to the current unified model of Seyfert galaxies, as proposed by Antonucci & Miller. 46 This model is based on the assumption that all Seyfert galaxies host a Seyfert 1 type nucleus surrounded by a geometrically and optically thick torus which obscures our view of the nuclear regions for the type 2 Seyferts but not for the Seyfert 1 galaxies.
It was our aim to survey the influence of several model parameters of various AGN model geometries on the resulting polarization in the visible to near-infrared wavelength range. Using a Monte-Carlo radiative transfer code, [47] [48] [49] single and multiple scattering by spherical grains and free electrons (Thomson scattering) were considered as the dominant sources of polarization.
Beginning with the most simple AGN polarization model consisting of two diametrically opposed cones [50] [51] [52] (see Fig. 6 [a]), we first investigated the influence of multiple scattering on the observable polarization. It was found that multiple scattering is negligible only for optical depths below ≈ 0.1, while it has a considerable influence on the radiation characteristics at higher optical depths both in the Seyfert 1 and the Seyfert 2 case.
Second, we added a torus to the above mentioned model (see Fig. 6[b] ). As the most fundamental consequence, this leads to an understanding of the phenomenological differences between Seyfert 1's and 2's.
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On the one hand, the torus provides the collimation of the radiation arising from a central point-like source. On the other hand, it screens the central region from the direct view (Seyfert 2 case). Having electrons in the cones and dust in the optically thick torus, 53, 57-65 the influence of light scattering on the torus surface was found to be marginal in contrast to the case of a torus filled with electrons. The wavelength dependence of the polarization being found for some AGNs can therefore not be explained by this model. The results for the model with dust in the optically thin cones are consistent with the observations of these AGNs.
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The additional presence of electrons in the inner regions of the cones increases the absolute amount of the degree of polarization (see Fig. 6[c] ). Depending on the torus size compared with the extent of the electron scattering region, the inclination of the torus may be of strong importance for the polarization degree. The inner torus radius was found to be a negligible parameter of this particular model.
If the torus has a funnel-like inner structure 66 (see Fig. 6 [b]: h f > 0) or a density distribution following a power law, the effective opening angle of the torus differs from the geometrical one. In both cases, this leads to a considerable change of the polarization in the Seyfert 2 case. The change of the relative intensities is noticeable for both the Seyfert 1 and 2 case.
Finally, we investigated the influence of extended central radiation sources and thermal dust re-emission from the torus surface on the polarization. The influence of an extended radiation source is not significant, while the polarization decreases with increasing dust re-emission intensity and with decreasing concentration of the reemitting region to the centre. For further results of this study we refer to Wolf & Henning. 
CONCLUSIONS
We present submillimeter and near-infrared high-resolution polarization studies of objects representing different evolutionary stages of the star formation process: Bok globules, the optical reflection nebula Cederblad 110 IRS 4, and a sample of pre-main sequence low-mass binary stars. Based on these examples we demonstrate how polarization measurements can reveal information about these objects which cannot be derived from intensity maps alone (if at all): In the case of the Bok globules we consider the magnetic field structure and strength, while in the case of the optical reflection nebula Cederblad 110 IRS 4 we derive the location of the illuminating source. In the binary star survey the relative orientation of the circumstellar disks is considered. Finally, we discuss results from Monte-Carlo radiative transfer simulations for various model geometries of active galactic nuclei in respect of their polarimetric properties in the visible to near-infrared wavelength range.
